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Japanese Patent Application Laid-Open No. 2001-323056 
(P2001-323056A) 

[Claims] 

[Claim 1] An aliphatic polyester resin with a part or 
substantially the whole of a terminal carboxyl group of an 
aliphatic polyester capped with one or more compounds 
selected from oxazoline compounds and oxazine compounds. 
[Claim 2] The aliphatic polyester resin according to claim 
1, wherein the aliphatic polyester is polylactic acid. 
[Claim 3] The aliphatic polyester resin according to claim 
1 or 2 , wherein the concentration of the terminal carboxyl 
group is at most 10 equivalents/10 3 kg of the aliphatic 
polyester. 

[Claim 4] An aliphatic polyester resin composition 
comprising the aliphatic polyester resin according to any 
one of claims 1 to 3 and an addition reaction type carboxyl 
group end-capping agent in an unreacted state. 
[Claim 5] A formed product composed of the aliphatic 
polyester resin or aliphatic polyester resin composition 
according to any one of claims 1 to 4 . 

[Claim 6] The formed product according to claim 5, which 
is fiber or a film. 

[Detailed Description of the Invention] 



[0001] 
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[Technical Field to which the Invention Belongs] The 
present invention relates to an aliphatic polyester resin 
and formed products thereof, and particularly to an 
aliphatic polyester resin improved in resistance to 
hydrolysis by capping its acid end and formed products 
thereof. 

[0003] However, these aliphatic polyesters are very high 
in hydrolyzability in water at room temperature or a high 
temperature and have a nature hydrolyzable even by moisture 
in air. When such an aliphatic polyester is used as, for 
example, fibers or slit films, the following problems have 
been caused due to such easily hydrolyzed nature. The tear 
strength of the resulting fabric is rapidly lowered when 
the fabric is dyed at a high temperature in an aqueous 
dispersion of a dye, so that the fabric can be dyed only at 
a relatively low temperature, and so the fabric cannot be 
dyed deeply. When the aliphatic polyester is used in water 
as a material for fisheries such as a fishing net, its 
available time is limited to an extremely short period of 
time. In addition, the stability with time thereof is poor, 
so that the original performance thereof cannot be 
exhibited due to deterioration after a long time has 
elapsed from the production thereof. Hydrolysis by 
moisture in air has become a problem in some cases upon 
various kinds of dry heat processing or use in a high- 
temperature atmosphere with respect to fibers and films . 
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Therefore, the aliphatic polyesters have heretofore been 
able to be used only in extremely limited use applications 
such as medical applications, and so it has been necessary 
to solve these problems in development to general-purpose 
applications . 

[0005] As described above, it has heretofore been 
attempted to improve the resistance to hydrolysis by 
lowering the concentration of the terminal carboxyl group 
of the aliphatic polyester. However, there has not been 
yet obtained under the circumstances any formed product 
such as fiber or film made of an aliphatic polyester which 
has practically sufficiently high molecular weight, heat 
resistance and resistance to hydrolysis in combination. 

[0005] 

[Problems Sought for Solution by the Invention] It is an 
object of the present invention to provide an aliphatic 
polyester resin having practically sufficiently high 
molecular weight, heat resistance and resistance to 
hydrolysis in combination, which has been unable to be 
obtained by the prior art, and formed products such as 
fibers and films of such an aliphatic polyester. 

[0008] 

[Mode for Carrying out the Invention] The aliphatic 
polyester resin according to the present invention will 
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hereinafter be described. 

[0009] Examples of an aliphatic polyester used in the 
aliphatic polyester resin according to the present 
invention include polylactic acid, polyglycolic acid, 
poly (3-hydroxybutyrate) , poly (3-hydroxyburyrate • 3- 
hydroxyvalerate) , polycaprolactone , polypivalolactone , and 
polyester of a glycol such as ethylene glycol or 1,4- 
butanediol and a carboxylic acid such as succinic acid or 
adipic acid. Among these, polylactic acid obtained by used 
L-lactic acid and/or D-lactic acid as a main component is 
preferably used in that the polymer is high in heat 
resistance and excellent in various properties such as 
mechanical properties and biodegradability . 

[0010] As production processes of the polylactic acid, are 
known a two-stage lactide process, in which L-lactic acid, 
D-lactic acid or DL-lactic acid (racemic form) is used as a 
raw material to form lactide, which is a cyclic dimer, once 
and the lactide is subjected to ring-opening polymerization 
and a one-stage direct polymerization process, in which 
such a raw material is subjected to direct dehydration 
condensation in a solvent. When polylactic acid is used in 
the present invention, a polymer obtained by any production 
process may be used. In the case of the polymer obtained 
by the lactide process, however, the cyclic dimer contained 
in the polymer vaporizes upon forming, which forms the 
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cause of yarn mottle upon, for example, melt spinning, so 
that the content of the cyclic dimer contained in the 
polymer is desirably reduced to 0.3% by weight or lower at 
a stage prior to forming or melt spinning. The direct 
polymerization process is preferred from the viewpoints of 
forming ability or yarn-making ability because the problem 
caused by the cyclic dimer does substantially not occur. 
The weight average molecular weight of the polylactic acid 
used in the present invention is preferably as high as 
possible, and is generally at least 50,000, preferably at 
least 80,000, preferably 100,000 to 300,000, more 
preferably 100,000 to 200,000. When the average molecular 
weight falls within such a range, strength properties of 
formed products such as fibers and films can be made 
excellent. Incidentally, the average molecular weight of 
the polylactic acid is difficult to be increased to 400,000 
or higher. 

[0018] As a method for capping the terminal carboxyl group 
with an oxazoline compound and/or oxazine compound, may be 
mentioned a process, in which an aliphatic polyester in a 
molten state is reacted with a proper amount of an end- 
capping agent such as the oxazoline compound and/or oxazine 
compound. It is desirable from the viewpoints of provision 
of an aliphatic polyester having a high polymerization 
degree and reduction of remaining low-molecular weight 
compounds that the oxazoline compound and/or oxazine 
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compound is added and reacted after completion of the 
polymerization reaction of the polymer. The mixing and 
reaction of the above-described oxazoline compound and/or 
oxazine compound with the aliphatic polyester may be 
conducted by, for example, a method that the oxazoline 
compound and/or oxazine compound is added to the aliphatic 
polyester in a molten state just after completion of the 
polycondensation reaction to conduct stirring and a 
reaction, a method that after the oxazoline compound and/or 
oxazine compound is added and mixed with chips of the 
aliphatic polyester, the resultant mixture is kneaded and 
reacted in a reaction vessel or extruder, a method that a 
liquid oxazoline compound and/or oxazine compound is 
continuously added to the aliphatic polyester in an 
extruder, and the resultant mixture is kneaded and reacted, 
or a method that master chips of the aliphatic polyester, 
in which the oxazoline compound and/or oxazine compound is 
contained at a high concentration, is mixed with 
homogeneous chips of the aliphatic polyester, and the 
resultant blend chips are kneaded and reacted in an 
extruder or the like. 

[0019] Since the reaction of the oxazoline compound and/or 
oxazine compound with the carboxyl group is an addition 
reaction, there is no need of discharging superfluous by- 
products out of the reaction system unlike end capping by, 
for example, the dehydration condensation reaction of an 
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alcohol with the carboxyl group. Therefore, the oxazoline 
compound and/or oxazine compound is added, mixed and 
reacted upon, for example, the melt molding of the 
aliphatic polyester as described above, whereby the 
polymerization of the polymer under optimum conditions and 
the sufficient end capping by inhibition of the formation 
of a terminal carboxyl group upon forming can be reconciled 
with each other, and so an aliphatic polyester and formed 
products such as fibers and films, which have practically 
sufficiently high molecular weight, heat resistance and 
resistance to hydrolysis in combination, and have 
heretofore been unable to be obtained, can be obtained. 

[0020] In the aliphatic polyester according to the present 
invention, it is only necessary to conduct the capping of 
the terminal carboxyl group moderately as necessary for the 
end application intended. However, the specific degree of 
capping of the terminal carboxyl group is such that the 
concentration of the terminal carboxyl group in the 
aliphatic polyester is preferably at most 10 
eguivalents/10 3 kg, more preferably 6 equivalents/10 3 kg 
from the viewpoint of resistance to hydrolysis. The 
concentration of the terminal carboxyl group means a value 
measured by a method described in Examples. All the 
terminal carboxyl group may be capped. 

[0021] From the viewpoint of imparting lasting resistance 
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to hydrolysis to the aliphatic polyester according to the 
present invention, an addition reaction type carboxyl group 
end-capping agent such as an unreacted oxazoline compound 
and/or oxazine compound, carbodiimide compound, or epoxy 
compound is preferably contained. In order to do so, it is 
industrially advantageous to add an end-capping agent such 
as an oxazoline compound and/or oxazine compound in an 
amount not less than need for capping the terminal carboxyl 
group of an aliphatic polyester, which will become a raw 
material, upon extrusion of the aliphatic polyester and 
knead and react the resultant mixture. As the addition 
reaction type carboxyl group end-capping agent such as an 
oxazoline compound and/or oxazine compound, which is 
contained in an unreacted state, is preferred 2,2 '-m- 
phenylenebis (2-oxazoline) or 2 ,2 ' -p-phenylenebis (2- 
oxazoline) from the viewpoints of stability in the 
aliphatic polyester and heat resistance. The content of 
the unreacted end-capping agent is preferably 5.0% by 
weight or lower, more preferably 2.0% by weight in terms of 
a proportion in a formed product from the viewpoints of the 
heat resistance and appearance of the formed product and 
practical mechanical strength in the case where the 
polyester is used as fiber or a film. 

[0022] The aliphatic polyester according to the present 
invention can be formed or molded into fibers, films or 
sheets, or various kinds of molded products in a molten or 
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dissolved state, and can be utilized in wider fields than 
before because the aliphatic- polyester has practically 
sufficiently high molecular weight, heat resistance and 
resistance to hydrolysis in combination. 

[0028] 

[Examples] The present invention will hereinafter be 
described in detail by the following Examples. 
Incidentally, physical properties in the Examples are 
values measured by the following methods. 

[0029] Concentration of terminal carboxyl group 
(equivalents/10 3 kg) : A sample precisely weighed was 
dissolved in an o-cresol regulation solution (water 
content: 5%) . After a proper amount of dichloromethane was 
added to this solution, titration was conducted with a 
0.02N methanol solution of KOH, thereby measuring the 
concentration . 

[0030] Solution specific viscosity (hereinafter referred 
to as nr) : A viscosity of a solution with 3 g of a polymer 
sample dissolved in 100 ml of o-chlorophenol was measured 
at 25°C by means of an Ostwald viscometer. 

[0031] Retention (%) of viscosity: Calculated out as a 
proportion of a solution specific viscosity of a sample 
after a hot water treatment to a solution specific 
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viscosity before the hot water treatment. 

[0032] Yarn strength (cN/d tex) : Measured under conditions 
of a sample length of 25 cm and a pulling rate of 30 cm/min 
by means of a "Tensilon" tensile testing machine 
manufactured by Orientec Co., Ltd. 

[0033] Film strength (MPa) : Measured at a pulling rate of 
100 mm/min by means of a "Tensilon II Model" tensile 
testing machine manufactured by Toyo Seiki Seisakusho, Ltd. 
based on JIS K 7127. 

[0034] Retention (%) of strength: Calculated out as a 
proportion of strength of a sample after a hot water 
treatment to strength before the hot water treatment. 

[0035] As an accelerated test of resistance to hydrolysis, 
30 g of a sample such as chips, yarn or film and 300 ml of 
water were placed in a closable container, the container 
was then heated in such a manner that the temperature of 
water in the container is raised to 130°C. The sample was 
held for a predetermined period of time, and then cooled 
and washed with water to prepare a sample after the hot 
water treatment, thereby evaluate this sample. 

[0036] (Example 1) With L-lactide was mixed 150 ppm of 
tin octylate, and polymerization was conducted for 10 
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minutes at 192°C under a nitrogen atmosphere in a reaction 
vessel equipped with a stirrer. The resultant polymer was 
formed into chips by a twin-screw kneading extruder to 
obtain chips of poly (L-lactic acid) (hereinafter referred 
to as PLLA) having a melting point of 176°C. After the 
PLLA chips were dried under reduced pressure for 12 hours 
at 100°C, heated and melted 2 , 2 '-m-phenylenebis (2- 
oxazoline) (hereinafter referred to as PBO) was weighed in 
such a manner that PLLA: PBO is 99.59:0.41 (by weight) and 
continuously added to the PLLA chips to obtain carboxyl 
end-capped PLLA chips having a nr of 9.2 6 at a cylinder 
temperature of 220°C [sic] . 

[0037] Evaluation results are shown in Table 1. 

[0038] (Example 2) A styrene • 2-isopropenyl-2-oxazoline 
copolymer ("Epocross RPS", product of Nippon Shokubai 
Kagaku Kogyo Co., Ltd.; hereinafter referred to as EPC) was 
used as an end-capping agent, and heated and melted EPC was 
weighed in such a manner that PLLA: EPC is 90.00:10.00 (by 
weight) and continuously added to the PLLA chips. The 
resultant mixture was fed to a twin-screw kneading extruder 
having a cylinder temperature of 220°C to react both 
components, thereby obtaining carboxyl end-capped PLLA 
chips having a r|r of 8.23. 

[0039] Evaluation results are shown in Table 1. 
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[0040] (Example 3) A 71% aqueous solution of glycolic 
acid was concentrated and dehydrated at 180°C under reduced 
pressure in a reaction vessel equipped with a stirrer to 
obtain a crystalline oligomer. After this oligomer was 
dried under reduced pressure for 5 hours at 180°C, the 
oligomer was thermally decomposed in a nitrogen atmosphere 
of 300°C to obtain crude glycolide. This crude glycolide 
was used as a raw material and purified by a 
recrystallization method from an ethyl acetate solution to 
obtain purified glycolide. With this purified glycolide 
were mixed 100 ppm of tin octylate and 100 ppm of lauryl 
alcohol, and the resultant mixture was subjected to ring- 
opening polymerization for 3 hours at 180°C in a reaction 
vessel equipped with a stirrer, and the resultant polymer 
was formed into chips by a twin-screw kneading extruder to 
obtain chips of polyglycolic acid (hereinafter referred to 
as PGA) having a melting point of 224°C. After the PGA 
chips were dried under reduced pressure for 12 hours at 
130°C, heated and melted liquid PBO was weighed in such a 
manner that PGA: PBO is 99.04:0.96 (by weight) and 
continuously added to the PLLA chips. The resultant 
mixture was fed to a twin-screw kneading extruder having a 
cylinder temperature of 270°C to react both components, 
thereby obtaining carboxyl end-capped PGA chips having a r\r 
of 1.50 (as measured at a concentration of 0 . 5 g/100 ml and 
30°C using a solution of trichlorophenol/phenol = 7/10) . 



13 



[0041] Evaluation results are shown in Table 1. 

[0042] (Example 4) DL-Lactide was mixed with L-lactide, 
and the mixture was polymerized by solid-phase 
polymerization under a nitrogen atmosphere of 125°C to 
obtain a poly (L-lactic acid) copolymer having a melting 
point of 155°C and a D-form copolymerization rate of 5 mol%. 
Carboxyl end-capped poly (L-lactic acid) copolymer 

(hereinafter referred to as P(L/D)LA) chips having a r\r of 
7.75 were obtained in the same manner as in Example 1 
except that PBO was weighed in such a manner that the 
copolymer :PB0 is 99.24:0.76 (by weight) and fed to a twin- 
screw kneading extruder to react both components . 

[0043] Evaluation results are shown in Table 1. 

[0044] (Example 5) Carboxyl end-capped PLLA chips having 
a r\r of 9.02 were obtained in the same manner as in Example 
1 except that PBO was weighed in such a manner that the 
PLLA : PBO is 99.40:0.60 (by weight). 

[0045] Evaluation results are shown in Table 1. 

[0046] (Example 6) Carboxyl end-capped PLLA chips having 
a rir of 8.93 were obtained in the same manner as in Example 
1 except that PBO was weighed in such a manner that the 
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PLLA:PBO is 97.98:2.02 (by weight) . 

[0047] Evaluation results are shown in Table 1. 

[0048] (Comparative Example 1) Carboxyl end-uncapped PLLA 
chips having a nr of 9.12 were obtained in the same manner 
as in Example 1 except that the PLLA chips were fed to the 
twin-screw kneading extruder having a cylinder temperature 
of 220°C again without adding the end-capping agent. 

[0049] Evaluation results are shown in Table 1. 

[0050] (Comparative Example 2) After a toluene solution 
of a mixture with 150 ppm of tin octylate mixed with a 
mixture of L-lactide : 1-decanol (hereinafter referred to as 
DcOH) = 99.69:0.31 (by weight) was dried under pressure for 
2 hours in a reaction vessel equipped with a stirrer, 
polymerization was conducted for 10 minutes at 192°C under 
a nitrogen atmosphere, and the resultant polymer was formed 
into chips by a twin-screw kneading extruder. The polymer 
chips were then subjected to solid-phase polymerization 
under a nitrogen atmosphere of 140°C to obtain PLLA chips 
having a melting point of 172°C and a weight average 
molecular weight of 96,000. After the PLLA chips were 
dried under reduced pressure for 12 hours at 100°C, the 
chips were fed to a twin-screw kneading extruder having a 
cylinder temperature of 220°C again without adding an end- 
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capping agent, thereby obtaining carboxyl end-capped PLLA 
chips having a nr of 7.48. 

[0051] Evaluation results are shown in Table 1. 

[0052] (Comparative Example 3) Carboxyl end-uncapped PGA 
chips having a nr of 1.41 (as measured at a concentration 
of 0.5 g/100 ml and 30°C using a solution of 
trichlorophenol/phenol = 7/10) were obtained in the same 
manner as in Example 3 except that the PGA chips were fed 
to the twin-screw kneading extruder having a cylinder 
temperature of 270°C again without adding the end-capping 
agent . 

[0053] Evaluation results are shown in Table 1. 

[0054] 
[Table 1] 
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-2-**wyy, 2-if^-2-m'/!i>, 

2-^Btf/l^-2-tW9y, 2-^^-2-* 

*t/!)^, 2— syf-zp- 2 y>\ 2 — 
2-^7 , f;i/-2-^t 

-2-W/!)y, 2-f>-2-W^!)^ 
2->^^yf;i,-2-t*ty'!J> v 2-y^o^ 
^y^-2-^-^rf-yy y, 2 -7 y^- 2-^-7^/ 20 
yy, 2-^^7y^-2-***'/yy, 2-^pf 

^-2-^-dfU-/y y, 2-7i^-2-t*t/!) 

y, 2-o-3if-;v7 3 i=^-2-^-^ff-y'y y x 2- 

o -7 u ¥ ;V7 * 2 y, 2-0-7 

x=^7xs^- 2 -^-^ff-y' y y, 2-m-if;l'7 
2-m-7'o^7x=/P 
-2-^-dff-yy y, 2-p-7x^7x^-2- 

**ty~yy&i^tff>tu stta, 2, 2' -tr 

* (2-t*t/U» , 2, 2' -If* (4-^f-/U 
-2-**WJ y) , 2, 2' -If* (4, 4' -S? 30 

^f^2-myyy) , 2, 2' -if* u-x 

f-/l>-2-**WJ y) , 2, 2' -tf* (4, 4' 

-^^-2-^-^ftyy y) % 2, 2' -tf* (4 

-•f*\£fr-2-**W9 y) , 2, 2' -If* (4 
-7*f/V-2-^t/y» , 2, 2' -If* (4- 
^^-2-^-/^) , 2, 2' -If* (4- 
7s=*-2-tH/!)^) , 2, 2' -If* (4- 
^D^;V-2-^t/!Jy) , 2, 2' -If* 

(4-^y^-2-w/yy) , 2, 2' -p- 

7x=>yW (2-^U-yyy) , 2, 2' -m- 40 
7x=^t7 (2-^-^rf-y'yy) , 2, 2' -o- 

7x=^^ (2-^t/yy) , 2, 2' -p- 

7x=kyt"7x (4-^f;v-2-^t/!)» , 
2, 2' -p-7x^l/>^ (4, 4' -\/}=J-)\>- 
2-m/!)» , 2, 2' -m-7x=Vy« 
(4-p«^-2-^tyy y) , 2, 2' -m-7 

^^i^yt-* (4, 4' --y^^-2-^-^/y 
y) , 2, 2' -af-i/yif* (2-^f-yy y) , 
2, 2' -r h7^f-uyf* (2-^-^-y-yy y) , 
2, 2' -^iMf-uyif* (2-^-y-yy y) , 50 
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2, 2' -^^fvy^ ( 2 j/yy) , 
2, 2' -r^^f^w (2-^f-yyy) , 

2, 2' -ifwyt7 (4-^^-2-^-^t/y 
y) , 2, 2' -r Yy/f-uyvx (4, 4' -s?^ 
f^-2-t*t/!)» , 2, 2' -9, 9' ->S7 

(2-^f-yyy) , 2, 2' - 

•>*n-Of->uytf* (2-^f-)/yy) , 2, 2' 

-^7^=uyif* (2-m % /y^) 4^*rf& 

y y yft&wi t\ mm^yy ■ 2 
-4 y7nx- ; u- 2 ^-y-y y y#fi£ft;ft 

[0 0 15] *38Wtfflv^5ri:©-et55|dBW«W© 
ohttWyik&yKDMkLXtt, 2-^h 
6-ytFp-4H-i, 

2-a:h*5/-5, 6 - v 5 1 Kn - 4 H- 1 , 3-** 
•y-^y, 2-7P/K^y-5, 6-v/fc KP-4H- 

1, 3-*%-fi/y, 2-7'h*y-5, 

-4H-i, 3-^-y-yy, 2— <y^;^^y- 

5, 6-ytKn-4H-l, 3-**f-5?y, 2-^ 
df-y/^^y-5, 6—yt Ko-4H-l, 3-** 
■fi/y, 2— 7^;^^ry-5, 6-v J tKn-4H 
-1, 3-^iJ--yy, 2-*9?-A'** f s-5, 6- 
>7tKP-4H-l, 3-^^v?y, 2-/x;W-=^ 
y-5, 6-i?tKB-4H-l, 3-***S?y, 2 
-ry/^^ry-5, 6-7tKP-4H-l, 3-^- 

^f-yy, 2-y^n-<y^;^^y-5, 
P-4H-1, 3-^f-yy x 2-y^o^y;^ 
Ko-4H-i, 3-tt-fi/y, 

2-7Vfr**i'-5, 6—yt Kn-4H-1, 3- 
**f-i?y, 2-7^7y^^y-5, 6-i/tKo 
-4H-1, 3-^-^rf-yy, 2-^pf;Ut^->- 
5, 6—yt KD-4H-1, 3-^-dr-y-i?y^if^ 
tfMU S&fcMu 2, 2' -If* (5, 6—ytKn 
-4H-1, , 2, 2' -^fl/yf 

* (5, 6-S?t Kn-4H-1, 3-^-^f-yy) , 

2, 2' -if 1/Vt7 (5, 6 -i/t Kn — 4H- 

1, 3-^-^r-y-^y) , 2, 2' -7"olf^yif* 
(5, 6-i/t KP-4H-1, 3-^-^f-yy) , 

2, 2' -T'fl^yif* (5, 6-> ? fcKn-4H- 

1, 3-^tyy) , 2, 2' -^-y-^^i^yif* 

(5, 6--yt KO-4H-1, > 

2, 2' -p-7i^Uyif* (5, 6-v/t Kn-4 
H-l, 3-^-dr-y-v J y) , 2, 2' -m-7x=vy 
t'* (5, 6-i?t KB-4H-1, 

y) , 2, 2' — fy^-yy\f7. (5, 6--ytKo- 
4H-i, 3-^-y-v^y) » 2, 2' -P, P' -i? 

7x.=-vy\?% (5, 6-ytKo-4H-l, 3-^ 
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%ta$ 2 m^Mki?m*\m\m%i \,xmm» y 
[0016] $p,fcfj, fEt^Lfc^-^i/y yft-g- 

J: tfSJStt^JliK&sK y x^f;vifflSlPtto^T- 2 , 

2' -m-7i=UyifX (2-m/!Jy) ^2, 
2' -p-7i = ^^ (2-m/9» 

[0 0 17] *^<DHIKK*°y^xr;v|$fII(r 

m^mMKJtmo^mmnu mats, -juh^m 



[0018] ^f-/y yft-g-teii;/*^^^ 
$ y ^XTWMm&mt, immi-mmmwi z 

*5 r t MJt u\, ±a Lfc^-y-y" y yfc£*M8 <fc 
t>*/£ tt*** t flifKK* 0 y ^ * tvw t <D 

it^lcDi^^ynixT/H^^/y yft^bijj: 
K.5ti&t5h&\i*ttx-9 * b^—yt£k'xmm • boss* 

h^-^t:«^* 0 y^xx;Ki?^W 

•raited y i^f;v©v^^-f y y t y 
a x r/wft*? v 7 k Ltz^yy Kf- -7 

[0 0 19] y >ft^**iJ:Ut/**:H:**f- 

5 i-BIteK/K y 3 x x/W^IM^Bt k:^^ y* y yfb 



ysZ®Zbc\htf»IMXhZ> 0 
[0020] *%W<nmMt°y ^xt/uxiz, m\z 
fctxmmz* <s}vimm<D%m'ij?t « * \ ^ 

^XT/wx/utf^is/um^^&ft 1 o i 

lfSL< > 6 3*/l 0 3 k g&TFHbZ>Z.k#Zt>K 

m lv\ ^ ^xu^^iyjum^^mtmmm 

[oo2iUt **w©igj»K^y i^T^ffiffi^ 
<D**wyyit&VtS£tf/iiittt**-t?yfc£to 

fcfcttt, SIKK^y^xr^Jl^JftBL^Bft, 

mmtztzft\zmbtz&±(D**^/})yik£y!)# 

ixf/*itK**Vi?y{k^t£k-<D3^&mmmL 

f-^wk^^if^#jpsjsa©*^*>^s*iffii=f 

^Mt©ft^*»P>2, 2' -m-7i = ky« (2- 

wyyy) ^2, 2' -p-7i=yyt-x (2- 

tm&frh, mt&*<Dm&tLX5. omm%&T 

[0 0 2 2] *3SM©iiKK#ya:^7 l ^ttf|i|tt, ^jH 

v ^ v 7»^i«fc <t xmm^mmfstm *. x v ^ 5 



lSSffl7^/bA, i/sy^<y 

[0023] **w©ffiKK#y*^f i -«'«fjiBr±H ±» 



(6) 



m^mmm^^^muxom^m t % 
t# s 0 $ ^amm^mcn/uxio ■? tti&^^m 

[0 0 2 4] fcfc, 

fctri ^sii^ii, 5ifflw*a^^e>aiAas3. o c 

N/dtexKi, £S>£f±4. OcN/dtex^l 

T*$>5r itffftus ^#^&$fttf>'>£^i 20 
»W4*#3^tJ:9*«rft«i:^5ftSa»&, 9. 0 
cN/d t e xETFtfffSU*. 
I0 0 2 5]ifc, ^IK^KK^^^t 1 ^)!^ 

SO. 5 d t e x£(i> 1 1 1 1 1 d t e x£AT"Cfc 
■5. v/Vf-7^7^yhi LT<&8M«£"CW:5 d 

tex£Lb, Hllldtex^Tit5-^ s if4 

U\ $e>{r, BffBffmii, A, fffi, YS, t 

®, ^Mitet'mxhztK nm<DH8Mi>b%mfs 30 
[0026] *«w©iBisjs#y a^^ttJiBa^bfiJia 

mmfilTtJb 0 > Wfc 1 0 n mJ^±, 200^ m£(T© 

£ftt$*fa<7)3ll#te* l 
GPa^l, Sfcfctt, 2GPaKlT*fe5:HW* 
t<, «fS]t^lS]<D?|?|^g<7^|t^5 0MPa 40 
£H±, ^III±10 0MPaK±t*fc5r^5|fJL 

1-*«J&&»P>H\ 3IK#tt*0¥*Mt#lOGPaK 

[0027] £ fct, **WoffiKK#y x^^Wffi 

LTfc^\ mm^moy^mtLxix ^^-rtkm^ 
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^irti(D%&%h%^?>^ttfx%i>K mm^m^m 
xm, mmmmm^mmmmm^^m 



[0 0 2 8] 

5 0 

[0 0 2 9] #^#>v^S*$ffii^ (^a/ 10'k 
g ) : ffiff LfcS*ft& o - * (*£ 5 %) IS 

0. 0 2ffife(DKOHt?J-;l<mi\ZXmfetZ 

[0 0 3 0] ma^S. (SIT* nrbTF-fo) : *^ 
y^P^7i7-;H 0 0m\\Z.MLM£fc<Dm i t3 g 
£^Lfc^$£ 2 5°C t LT^x h !7/u KAttittHz: 

[00 3 1] (%) : l*ffl»©ffi 

[0032]«(cN/dtex) : (ft) 

2 5 cm, 3l8Bi£3 0cm/»t«Lfe o 
[0 0 3 3] (MP a) : (ft) Jg#f«§ 

ttK "^y^nyn^" ^mmmmw j i s 

K 7 1 2 7 fcl^5§\ 3I£9££*1 OOmm/^iL 

[0034] (%) : a&*&a&wft©»« 

[0 0 3 5] *7c, BJP*^SH4©JPiiS«Ri:L-C, f- 
•7 7°, &J;tf&^7^Aft£0ify7>3 0gi*3 

0 0ml S:«HRriB4«SI-Aixfc«, £$grt©*it# 

1 3 Q°cht£hi.b\^mxxw&(ommmLtz.m^ 
m ■ &m?r^xm&mm%mm{mL, zh* 

[oo3 6] mmmi) l-^^^ki^l^^ 

IMB» 1 5 0 p pmJl^L, im%Mtt%o>BLti&%* 

x-m^m%^i 9 2t;-ei o$ms&L s $e>i^2W 
PLLAt^5„ ) =f-yfmt^ $h 

^ :©PLLAfy^l OOttl 2B#f^J±gji 
Lfc^, PLLA: 2, 2' -m-7i=Uyif7 (2 

-t^t^yy) (wt> PBot^5) =9 9. 5 
9:0. 4i (mmm tftzmzmmmmLtcPB 

1/^-1112 2 0^, n rd«9. 2 6©*;V*>-> 

[0 0 3 7] Wtt^m^S 1 li^i". 

[00 3 8] (H16«2) **^^JtL-C^^l^> ■ 

2-^y7°n-<^-2-^-^-^y'y y*a-a-#: ( 



11 

5) fc&fflU PLLA:EPC=90. 00:10. 

oo mmm bttzzvKtowmLitEPc&ttm 

Lxm^ttlz- PLLAfy -f\mM Ltetf hvy 

um2 2o °c<d 2 mnmm Lmm-tz r t -rwsr 

[0039] tm&^itm i 

[0040] mmm 3 ) 7 1 

&#§£iBttt<7)K£&8&tF, ^JETOb^Tl 8 0°CT 10 
(Dim&foZ 1 8 0 °CX 5 JSffiftit LfcS, 3 0 0 

fife^ ± 5 its Lxmm?' v = y k t r 

y a!) Kt^f-ZHWil 0 0 ppmi7^!JW3 
-MOO p pmSrS^U 8#£Ett#<D5£££-e 
S^»fflM*i 8 ot:?3i$IWHifti££m^2tt^ 
JffflUftfcTf-y^fcLT, H&2 24°C<D#V ?V a 

(BIT\ PGA£^5o ) f-y^tfffc. Sfcfc 20 

r»PGAf-7^13 0tt'12 ftlHttEEftft Lfc 
ft, PGA:PBO=99. 04:0. 96 (fi»g(5) 

1 a 5 £ 5 idnf&iK Lfcatt© p b o zmmtiiz. p g 

Af- y -7\mn L4# fc S' D yy-im 2 7 0 °C<£> 2 w 

1. 50 (by ^pd7x;-;v/7i;-/i/=7/i 

0*»*fflV\ ISO. 5g/100ml, 30°C(iT 

[0 0 4 1] If 1 t*t„ 30 

[0 0 4 2] (Mim A) L-7?fKCDL-7^f 
KfcS£LTS£U 1 2 5°C(Dg*»iaM^-e0|@S 
£LT, 5 5t:<Z)Dtt*S£$5mo 1 %<Z)*°y 

L S&fc, PBO = 

9 9. 2 4:0. 7 6 (ftftSU) i fc 3 £ 5 P B O & 

it* lx 2 ibfflfflto imim+z r t $ 

itfcrt^ii^MU fclflSfcLT, j,r#7. 7 5 

© # s//u*JBas*t* $ *° y l - $im&m &w 

(KT, p (L/D) LAtv^ 0 ) f-y/tfUz. 

[0 0 4 3] gftli£$£:£ 1 t^to 40 
[0 0 4 4] (HJfe^5) 
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PLLA:PBO=99. 40:0. 60 (SlfflS) £ 
fc5£ 5 tftlL;fc£JWilMI 1 t mil- LT q r # 
9. 0 2©*;^>v/ylx*S^^^tltPLLA7 c 5/ 

[0045] 1 . 

[oo4 6] mmme) 

PL.LA : PBO=9 7. 9 8:2. 0 2 (fifig|5) i 
* 5 £ 5 i-ft» LfcM2^Jfi#| lkm^LXntifi 
8. 9 Sro^^^^j^lBiSit^SilfcPLLA^y 

[0 0 4 7] fffftSJtfrS 1 fc*-*-. 

[0 0 4 8] (Jtfftfll) PLLA^y7fc*Jg&«BiJ 

Sraawfs r 1 4 < srjes^ y yy-ag 2 2 0 tco 2 m 
mm mm Ltc^t mmmm 1 1 lx 

t,i&9. 12 v^*4gas*£hB0> P L L A 

[0 0 4 9] If 1 f-irf,, 

[0 0 5 0] (Jt«E«|2) 

L-5^f-K: l-x*y-yw (£JT, DcOHH^ 
5o ) =9 9. 6 9:0. 3 1 (ftftffi) 0»6*fc;j- 
*?vu|fe»£l 5 0 p pm£88!»Lfc££-1*|0> 

«, a*#fflft«Pl 9 2°C?1 O^Wfi^U $b\Z-2 

mmmm^x^y^im, 1 4 o°c<D^i#i^ 
"p-eBttS'&tr, it^i 7 2°a 9. 

y^fcl 0 0°Ct?l 2I^R]«JEEftjftLfcft, *S^^J 

zmmi-z ztf£< nw/ y > ^-ss 2 2 0 1© 2 m 

tU L^iC^LT jj r *S 7 . 4 8 (7)*;U#>^* 
«g^^« ^fcPLLAf^ ^^#fc 0 

[0051] if«^j|£i? 1 i^^-r 0 

[0 0 5 2] (Jt^j3) T>GA3-y7\L%mmm 

aawl-sr. k4<sW'>y y^-fig2 7 or^mtfs 
W t^i'tt Lfe - £ Etfua^ftfli 3 i p^lc LX v 
r&l. 4 1 (H)^op7i/-/1//7i;-;U=7 
/l0«iK£fflV\ *S0. 5g/100ml, 3 0°C 
f-rai^) ©* '>/U*jgAS*^«© PGAf y7 

[0 0 5 3] ffMMS*** l tuia^. 
[0 0 5 4] 

[Si] 



(8) 
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rrsr== 
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(w tX) 
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1*) 


8E»fffi6«6y 6«H83f^ 

e ^-.^^ 


JtftMl PLLA 


P B Q 




12 


— |— 


"26 — 


8 ■ 7 0/94. 0 


6. 0S/5S. 3 


JtiBfl2 PLLA 


EPC 


1 0. 00 


1 6 


s. 


2 3 


7 . 2 8 /8 8 . 5 




X*«3 PGA 


PBO 


0. 96 


5" 


1 . 


5Q*« 


0. 9 1/60. 7 


' - am) ' 


Ktt*4 P (L/D> LA 


PBO 


0. 76 


4 


7. 


7 5 


8. 87/86. 1 


4. 83/88. 7 


mm& plla 


P80 


0. 60 


3 


9. 


02 


8. 77/87. 2 


6. 58/72. 9 


AMl-f pua 


PBO 


2. 0 2 


1 


9. 


93 


8. 7 5/88. 0 


8. 1 1/80. 8 


ttXMl PLLA 




0. 00 


33 


9. 


1 2 


3. 9 7/4 3. 5 


0. 96/10. S 


ttStfl PLLA 


DeOH 


e. 41 • 


1 8 


7. 


48 


8. 88/71. 7 


t. 28/16. 4 


stirs . 




e. «o 


6 1* f 


1. 


4 1*' 


- «*) 





*2 ^+*7**n-f y-funj -A 

03 HJ»Pt*7^/-Jfe/7x>-Jfr»t0/7i6at*11tt. | 



|o. 5 g/i oomi, sot:cr«e 



P L L Af-> 7° £ 1 0 0 °CX 1 2 H^ffl&Efti LfcflL 
SStt3?!IE?L-eo. 6*<OBtW?LSr9 6iBSfop^Srffl 

v\ h^-y-m<D®mmm^xmM2 2 

0°C©»t«*U Q&frt>m&&%£ 3 0 
0mm, Sg2 6 0°C©j]Pilfirt(7)#|S^^ji]!i$*fc 

«5*3£#**l®B®#affi8 0°C, 2Jtg2i|sf«l 
4 0°C, *S®#ffiF$5. 5^r-T2gji#U 
Tfflflei 4 5lCH:*SVv?SfcB£, 0. 5%0£0b&l* 
JtLfcfc3 2 0m/afcTg#*«r§|#]&ofc a r<Di; 
5£LT5 5 6 d t e x/9 6 f i 1 „ 3$g5. 10c 

N/d t e x> w&2 7%<D%;i<7$*wMmmm£ 

[0 0 5 5] ffff££*X 2 \Z.7Fto 

[0056] mmm 8 ) 1 « * * 



*^MI©PLLAfy^ffll\ PLLA:PBO = 
9 9. 1 0:0. 9 0 (fiirgfl) 1 43 =£ 5 1 6 0<C 
i-M • ^jR Lit P B O Srfh* LXmMtt) P L L KrJ- 

&Lxm%zKfc^tifrmm®&Ltzmmwi 

7 tmmzLX5 5 6 d t e x/9 6 f i 1 , 31*5. 
3 3 c N/d t e f**2 9%(D*/U*>v'/U*S^ 
ItCl iStltc P L LA^t/^lim 

20 [0057] w m^zm 2 K&t, 

[00 5 8] ( Jttfcffl 4 ) Jt«CM 1 © * * J"*** 
PLLAf-y 7- £«M L££WttHMtf 
7t^{clL-C5 5 6 d t e x/9 6 f i 1 , &*5. 
1 1 cN/d t e x, #g2 8%ro^/U*>^U*jffi^ 
*^©PLLA^bft5f«rtSr#fco 

[oo5 9] tm^m2iz^t. 

[0 0 6 0] 
[*2] 





#«*▼- 




CwtX> 
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M» /Ml 
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* 
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<*> 
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PBO 
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1 4 


5. 1 0 


4. 84/81. 


0 


XMt 


PLLA 


PBO 


0. 90" 


2 


5. 33 


5. 1 6/9 8. 


8 


tt8M4 

*4 #«„ 


PLLA 
1 Hi 81 


ftL- 


0. 00 


45 


5. 1 1 


1. S3/3S. 


• 



9) Wm 5 <7)*7W^>^;^iffi^^$tl/c 
PLLAf-77*Srl 0 CC-Cl 2#mfcWKL1&L> 
2 1 O'Ctfc^TT^^f SftfcJfffiUSfcfflVvt 
$H, ffWLU ^f^7r^ /^n-yHiTii^LTj? 
$0. 4mm©*|tt7^W^ifc„ r«*I#7-f 40 

iotl. 2fgf&#LfcSL 8 0tttiLtfy^- 
Srfflv^T 2ffiF5Eff SrfTV, 9l#fttKKTC 1 4 0 o Ctc 

¥i^i?^0. 2mm, ffift&ffl<Z>¥tt3IB9 1 1 
2MP a ©*;V*>->;WSi^f;P L L A^t 



45 2«iM#7^;UAlr#fc 0 
[0 0 6 1] ffffi^m^* 3 id^to 
[0 0 6 2] (JtftW5) Jt$m ©#/U#*->^*Si§ 

i«**f PLLAfy^n ^fcfit^ttHitfiaj 9 1 m 

mtLX, m&*0. 2 mm, 

3ftS^ 1 0 4MP a ©*;U*>^Sii*Si©PL 

L A* 4 5 2 W®# 7 4 A, J* mtc 0 

[0 0 6 3] W mi^kZ^ 3 

[0 0 6 4] 

[S3] 



its 


15 






(9) 




dim o n n i - 
wKI Z U U 1 

16 








1 ***** 

<wt*> 


worn 




(»P«) (X) 


***» 


PLLA 
PL LA 


PBO 


0. 80 
0. 00 


1 3 
4 1 


1 1 2 
1 04 


1 0 2/9 1. t 
4 2/4 0. 4 



[0 0 6 5] * [00 6 6] *m<DmttiMtf})*XTA<m 
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